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Aostract

A rocket borne experiment to measure the temperature structure of the

inner solar corona via ths doppler broaclen!n~of the resonance hydrogen

Lymm-a (A12i6A) radiation scattered by ambient neutral hydrogem atoms was

attempted during the 16 Feb 1980 solar eclipse. Two Nike-Black Brant V

somding rockets carrying instrumented payloads were launched into the path of

the advancing ecllpse umbra fran the San Marco satellite launch platform 3

miles off the east coast of’Kenya.

Introduction

Within the last several years a wealth of information concerning the

physical state of the sun’s chrcxnosphere-coronatransition reRion and lower

corona have become available primarily as a result of the FASA sponsored

skylab progran. Although much effort hns been expended, It is fair to saY

that very little concrete evit-irnceis pl”escnt.lyin hand concerning the basic

heat~ng and coolinflmerhanisns ,?foit.hcrthe quiet or activo s~lnr corona. In

particular thr f.)rmof t.h~energy fllJxWith maintains the corona and tho

rndinl drpcndonre of tho divf?rfloncoof this f’luxare not undcrstooci. 7%P

primiiryC;4USPof our unncrtfiintyis a l~ck of lnformittionconcerning th~

phy~lcnl ~tat.rof t.h~coronal l)li~.~~ heynntlfihout? x 1(’)” bl t’!bOVP the

photosphcrr. Prc30nt FHV and X-ray lnstrumont,nt,innIit.crnllyrlm out of gar

fn this rogicn.

Sincv !,hf~eoro,lnlt,vmlwrat.urcis t,}lrm;lm~oruncrrLnin fnctor in thr

model1Ing of’ t,hf, coronn m]d solnr u!nd, a knowl~dg~ of the trmprrat.urpnnd lts

vnri;lt.iont.hrouglw>ut.tlif’ roronf]nnd solnr wind is most.imprtnnt. Thr other

fnrtl)rs- th~ coronnl d~nsit.ynnd t,hrmnp.nrticftf~ld- nr~ now nccosslblp by

Rrolmd bnsod ohnervnt,lonsof the pol:~rizntionof both thr coronnl cnnt,lnlmm

nnd coronal emission lines.
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During the 1970 March 7 solar eclipse it was discovered that the solar

corona emits a very Intense radiation in the hydrogem Lyman-a line at 1215.7A.

See Figure 1. Gabriel (1971) showed that the meln mechanism responsible for

this emission was the very efficient resonance scattering of the chromospheric

Lyna*a radiation by the few neutral hydrogen atans left in the hostile

environment of the 1 - 2 million degree coronal plasma. Of secondary

importance was the collisional excitation of the neutral atans followed by

photo de-excitation.

This discovery of Gabriel et al. led one of us (Jacques 13eckers)to

conceive this experiment which measnres the coronal temperature nnd density

distributions throughout the inner corona from a determination of the l!ne

profiles and intensities of the Lyma~a mission in this reRion. J. M.

Beckers and E. Chipmm (1974) subsequently showed that indeed In the Inner

corona (D < 2) the line wjdth is a sensitive indicator of the coronal

temprr~turc.

In simplified but still applicable terms, if the corona w~rc stationary

tho width of the mission line for a Riven atcxnicsporios would br

proportional to the bppler component of the mean tllcrmnlvelocity of that

atmn, which in turn Is inversely proportlonnl to the square root.of the m~ss.

Thus t.hcwidths of lines of light hydrogen ntoms nre much mor~ s~nsjtive as

tcmpcraturc indlentors than art?those of t.hcusually obso)ved met.nllicinn:.,

Furthermore. hpcause of t.hcljght,mass, thr t,hcrmalv~ti[orit,insOf the

hydro~m ntcrns(npproximntely 100 km/see) ;lr~suhtii,,?ntinilyhi~:hmrthnn th~

evrr-present nonthcrmnl motions which thrrrfore havr ltt.tleeffect on t.hr

LymFIr+mline wjdt.h. In contrnst, the typicnl line userjfor s!mllar tii.i!dlcg,

Fe XIV A ~’?05 A, is nfft?ctedby the unknown nont.hermnlmotions which me

bclievt?dto be ccmpmnble *.othe thermal motions nnd me virtunlly



-4-

Indistinguishable in their effect on line widths. In fact, a comparison of

the Lyman-a line width with the heavy ion line widths would give the first

direct determination of these turbulent motions of both types of lines

originated in the same parts of the corona. It has been argued, however, that

the coronal tetr .ures vary significantly fran point to point in tkie corona,

making the comparison between the hydroger,and heavy ion line width more

canplex. The Fe XIV green line originates for exanple only in regions of th~

corona within specific temperature boundaries (1.5 to 2.5 mtllion degrees)

corresponding to the temperatures at which most iron atans are thirteen times

ionized. The green line profile would zhereforu reflect the physical condi-

tions in those regions only. The sane is true for the Fe X A 6375 A line.

Since the di?Kreeof hydrogen ionization is much less sensitive to the coronal

temperatures than the degree of ionization of other heavier atans (Gabriel,

1971), the temperature derived from the Lyman-a line width should represent a

tery much hctter, truer average of the t.mmpcraturethan that derived from

intensities of othrr lines. Line intensity methods of cleductinuplasma

tmnperatures depend also on t.hraccuracy of H host of uncertain ccxnplexatanic

parfimeters,their interactions w~t.hradjation, nnd some knowledRe of corona]

density.

This expcrimmt is thn first nt,t.empt.to obtain H reli~ble inner corona

Lmpcraturc dlntributinn llsin~~.h~Lymnn-m lin~ pro!ilc. The exper]m~nt.cm be

prrfnrmmi only during n solar exllpsc when th~ srattored light conditions arc

optimum for probin~ t.hclnnm corona down to thr rhrmmnphere, the very re~lon

whrrt?thr grcntcst t,emprraturcgrmlinnt.scxlst.nnd no direct mmflurornmts hav~

hem mnde.
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INSTRUMENT DESCRIPTION

Figure 2 is a schematic of the instrument, It utilizes a 125 mn diameter

cassegrain telescope with an effectike aperture ration of f\8 to image the gun

with about a 10 m solar diameter. The useful image field la about 25 m

square. Figure 3 shows the spectraneter slit configuration super-imposed upon

the photograph of the corona in white light scattered by free electrons, taken

by Dr. Gordon Newkirk during the 1970 March 7 solar eclipse. Since the

distributions of free electrons and neutral hydrogen atoms are quite similar,

this is a good simulation of the Lyman-a corona. The 22 sliLs located in the

focal plane of the telescope give 22 cross-sections of the corona. Those slits

normal to the lunar limb will give very detailed infonna~ion about the height

variation in the corona, and those sljts more parallel to the l!mar limb will

provide more Information on the temperature variation across coronal streaners

and active regions.

This glit array in turn provides the entrance aperture for th~ 500 m

focal length modified l%ert-Fastie typ~ spectrograph we have adopted. The

Ebert-Fast.ieoptical ~ysteinwas chosen jn preference to the asymmetrical

Czerny-.Turnersystem both because of simplicity and ease of aligmnent and

because an analysis of aberrations showed that parabolizing the Ebert mirror

would pon’njtboth high spemtreland spatial resolution over the full 25 x 25 mm

square field rlcpict,cdin Figl~rc3. A fortunate balnnce of fit?lrldistortions

between the f/Flcasst?grainand the para!)ollzeclEhert.-Fastjespectrograph

nllows the use of linear slits th,?full lr!nRt,hof t.hcfield, as shown.

A multiple slit syst,mn~f alt.ernnte20U m(i 60u slits was chosen to

optimize the inevitable ccanpromlsehet,wm?:llnt~nsity r(?quiremcntsand the

desirt?for spectral resolution canpatible with t,heexpected Lyman-a line
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widths of about 1 A (FWHM) for coronal temperatures near 1.5(10)6K. The

9ystem will resolve 1/5 to 1/10 of Lhis over nearly all of the field.

The diffraction grating has a ruling frequency of 3600 grooves per mm and

used in first order produces an 18P image for a wavelength range of 0.1 A, a

suitable match for the 20p slits. The slits have 1 mm separation

r.orrespondingtu 5.6A in a focal plane, which is ample to prevent overlapping

of line images in the focal. The nearest coronal line that might interfere

with the Lym~-a at 1216 A is the S1 III A 1206.5 A which is normally about a

factor 50 down in intensity from the Lyman-a.

The instrwnents recorded the spectral images on Eastman type 101

spectroscopic film carried in water tight motorized film cassettes that tmk

sequences of exposures varying in length from 1 second to 60 zeconds. Or the

basi “of the 1970 March 7 eclipse data of Gabriel et al. the anticipate~

coronal Lyman-a intensities should give usable line intensities near the lunar

limb with 1 svnnd exposures and 20p slits. The 60 second exposures and 601.I

slits should probe further out into the corona. The overall dyr]amjcrange

will be the normal film latitude times the factor 180 provided by the slit

widths and exposure times. Table I listr the instrment sensitivity and

exposure factors.

Two complete rocket payloads were prepared & launched to improve the

overall probability of a successful launch and recovery. Orienting the two

slit systems at 9~” to each other during the eclipse data taking and combining

the resultant images during the data analyses gives a two-dimensional grid of

data to assist in interpretation.

Two Nike-lllackBrant V rockets carried the instrument payloids to

altitudes near 350 km. The rockets were launched eastward from the San Marco

Satellite Launch Platform 3 mil~~soff the coast of Kenya, near Malindi.
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Figure 4 is a schematic representation of the rocket payload and the

trajectory into the umbral shadow. P.fternose cone ejectio~ at 60 sec the

attitude control system (ACS) had about 180 sec to orient the optic axes of

the telescope toward the eclipsing sun and beccinestabilized before entering

totality. Active control of the pointing was passed over to a stable platform

prior to entering totality, and drift was limited to less than one arc sec per

sec of time. A nuninal trajectory gave over 500 sec in totality.

The recovery was by

light and radio beacons

turn, vectored recovery

RESULTS

parachute into the water where a float system with

guided recovery aircraft to the site, and they, in

boats to the floating payloads.

The two Nike-Black Brant V rockets were launched precisely on schedule and

performed as progranxned. Unfortunately a~ idiosynchrosy in the canplex ACS

prevented the system from locking on to the eclipsed sun and no useful data

were acquired.

DISCUSSION

This attempted measuranent renains one of the most important measurements

still to be retieon the physical characteristics of the inner corona. Current

technology restricts it to eclipse conditions. My colleagues and I will be

happy to assist any other experimenters who would like to make a successful

att,cmptduring a future eclipse.

ACKNOWLEDGEMENTS

This cxprimelt was supported by the National Aeronautics and Space

Administration, the Department cf Energy, and the National Scj~nce Foundation.



-P-

REFERENCES

Gabriel, A H.,lg71, Solar Physics 21, 392-400

l~Mea9urment9 on the Lyman ~pha CorOnalt

Beckers, J. M., and Chipman, E., 1974, Solar Physics 34, 151-161

llTheProfile and Polarization of the Coronal Lyman Alpha Linefl

FIGURE CAPTIONS

Figure 1: The 1970 March 7 Solar Eclipse Data by Gabriel, et al.

Figure 2: A schematic shetch of the cassegrain telescope - Ebert

spectrograph system developed for the Lyman Alpha Eclipse

Experiment. The optics are f/8.

Figure 3: A superposition of the multiple slit entrance aperture for the

spectrograph u~n the white light corona photogra~. The Lyman

alma line profiles will be obtained at all points along the slits.

Figure 4: A schmatic drawing of a typical payload trajectory intersection

with the umbral sl]adow.



INTENSITY AND EXPOSURE FACTORS

● GABRIEL (1970) REPORTS A MEASURED BRIGHTNESS AT

1.3 R. OF 5(10)’2 PHOTONS/cm2 SECOND STERAD LYMAN

a k 12168.

0 THIS INSTRUMENT WILL DELIVER > 1.3(10)4 pHOTONS/

SECOND ONTO A 20 p SQUARE OF FILM, GIVEN 5(10)’2

PHC)TONS/cm2 SECOND STERAD INPUT.

● LABORATORY CALIBRATION OF THIS INSTRUMENT ON 101

FILM SHOWS 3(10)4 PHOTONS/20 p ELEMENT WILL GIVE

IMAGE ABOVE BACKGROUND.

● ON THE BASIS OF THE ABOVE FLUXES, A 20p SLIT IMAGING

NEAR THE LIMB SHOULD GIVE USEABLE LINE INTENSITIES

WITH A 1 SECOND EXPOSURE.



1970 MARCH 7 SOLAR ECLIPSE DATA BY GABRIEL, ET AL
1013

o 1 2 3 4 5 6,

HEIGHT ABOVE LIMB (105 km)

RADIAL BRIGHTNESS VARIATION OF THE LYMAN@ CORONA. CURVES 1,
2, AND 3 REPRESENT OBSERVATIONS AT SOLAR N, W, and E, 4 IS AT AN
INTENSE WHITE LIGHT STREAMER, 5 IS A QUIET COOL REGION AND 6 IS
AT A CORONAL CONDENSATION.
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